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I r s iTRooufCT I orsi 
Composite pisciculture involves 
simultaneous -farming of more than one species of 
fish in a pond. Compatible fishes which do not 
compete for food and space resources ar^e selected. 
The exploitation of niches in the environment and 
the partitioning of habitat vis—a—vis different 
nutritional spectra hold promise for higher 
p roduc t i on. 
In the present study three species of 
teleosts namely, Hypophthalmichthys mo1i t r i K, Cat la 
cat la and Labeo roh ita were stocked. The former 
one is an exotic (Chinese) carp popularly called 
silver carp and the latter two Sife indigenous major 
carps locally known as Katla and Rohu, 
respectively. They subsist on food in the lower 
levels of trophic web. The pond used for the 
experiment was allowed to develop ecosystem of its 
own through natural processes, except that water 
level was regulated by tubewell and the ducks 
frequented the water body, contributing to 
stimulating the productivity by way of excrement. 
Feeds and fertilisers sa^e some of the major inputs 
in polyculture. Cost of these supplies matters in 
market value of the harvest. The integration of 
ducks with fish farming may serve one such means 
which can minimise the demand of supplemental feed 
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and fertiliser. Ling (1971) reported a maximum 
production of about 3500 kg fish per hactare in 
fish—cum—duck culture carried out in Taiwan. The 
author concluded that use of fertiliser and 
supplemental feed was not necessary for such a 
system to achieve high production. 
In India Sharma et_ ai.. (1979) obtained 
a maximum production of about 4323 kg per hactare 
per year through duck—cum—fish culture without 
supplementary feeding and manuring. Most of the 
reports suggest combined culture in view of the 
positive impact of the operation on total biomass 
yield. It results in increased protien production 
per unit Af^SA^ reduced cost of inputs, and obviates 
the need of land and shelter which may be required 
for seperate culture of ducks. Ducks appear to be 
more suitable because they live both on land and 
water. Duck droppings increase the carrying 
capacity of the pond. Realization of this fact 
depends on many factors such as the basic 
productivity of the pond, stocking density and 
food habits of the cultured fish. Increase m 
fish crop is, therefore, variable. Woynarovich 
<1973) determined that one duck produces 6> kg of 
droppings during 30—40 days on a pond and that 
lOO kg of duck marnure distributed in the water 
supports an increase of 4—6 kQ of fish flesh. Field 
experiments have shown that 3L\'er3tQe production 
increased by lOO kg when 300 ducks were stocked in 
the pond (Blume, I960). 
Ducks are predatory and indulge in 
foraging on organisms harmful to fishes. Some of 
their prey items Af^e frogs, tdjdpoles, mosquito 
larvae, dragon fly larvae, molluscs, etc. 
Furthermore, a number of organisms which fall 
prey to ducks happen to share the carps'dietary 
requirements, thereby leading to competition. 
Elimination of such organisms creates better 
conditions for the fishes. In an integrated fish 
(Hypophthalmichthys mo 1 i t r i ;< , Ctenopharyngodon 
idella and Arist ichthys nob i1i s > — vegetable 
culture F'rinsloo and Schoonbee <1<?87) achieved a 
fish yield of 5 tonnes per hactare in 149 days. 
Barash et_ aij^. <;i982) observed that ducks performed 
better in fish pond than in controlled farming on 
land. Rational pond cultivation of fish is 
inconceivable without a knowledge of basic problems 
of their food and feeding habits. 
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Food preferences form an important 
aspect of trophic biology of fish. The subject has 
received considerable attention in the past. 
Notable contributions being those of Lewis et al. 
<19&1>, Beyerle and Williams (196S) and Cant in et 
al. (1974). Data on nutrition of silver carp were 
presented by Savina (1965), Koyma et al. (1968), 
Morissens <1978), Opuszynski (1972), Gryierek 
(1973>, Omarova (1974), Spataru (1977), Cremer And 
Smitherman (19aO) and Smith (1989). Selective 
feeding of Indian major carps was investigated by 
Ahmed (1967), Khan and Siddiqui (1973), Jafri 
and Mustafa (1975) and Mustafa (1976), besides 
others. 
A large number of fishes feed on 
plankton at some stage of their life. Larval 
stages of most carps preferably consume 
sooplankton. In certain cases a distinct change 
in dietary habits occurs. There ait^e fishes which 
switch over from plankton to higher forms of food 
organism. Others continue with planktivory 
throughout their life. Several species have a 
mixed diet comprising plankton and nekton. 
Planktivorous fishes use two distinct modes of 
feeding : particulate feeding and filter feeding. 
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In the former ca.se the fish attacks single 
individual planktonic prey item which it visually 
selects from the water column (Confer and Blades, 
1975; Werner 1977; Vinyard, 1980 ; Janssen, 
1981,82). Filter feeders do not visually detect 
individual prey items, but engulf a volume of 
water containing the food organisms and retain the 
planktonic prey and particles by passing the water 
over entrapment structures chiefly gill rackars, 
microbranchispines on gill arches and branchial 
tooth plates. 
This project was disigned to obtain 
information on compatibility and production 
efficiency of silver carp, Katla and Rohu in a 
culture system which also integrates ducks. 
Analysis of nutritional spectra helped a great deal 
in throwing light on trophic inter—relationships 
and their consequences in integrated farming. 
MATER I AI_.S AND METHODS 
Young specimens of Hypophthalfnichthva 
mo 1 i t r i ;< (48.8 m m ) . Cat la cat la (lOO mm) and Labeo 
rohita (85 mm) were stocked in a ratio of 8:1:2 at 
the rate of 14,*?80 per hactare. Before their 
release in the pond, acclimatization was done in a 
cemented tank (2.4 K 0.85 i< 0.7 m) where water from 
a tubewell was supplied in increasing volume. 
Fishes were held in the tank for a few days. The 
pond used for final stocking is situated in 
Aligarh (Lat.27° 34 30" N, Long 78°4'2£." E) . Its 
layout is shown in Fig.1,Plates 1—4). Total ar^a 
of the pond is 0.0263 hactare (263 m^) and depth 1 
m. Surrounding the water mass is land which is 
large enough to provide space for terrestrial 
activity of ducks which were stocked at the rate of 
418 per hactare. There is an island structure in 
the centre of the pond and a bridge along the 
breadth connects the two sides of the pond. The 
'island' is used to feed grains to the ducks. The 
whole complex water body and adjoining land mass is 
fenced by iron grills. The pond is well exposed to 
air and receives no sewage or surface run off 
during rains and is equipped with a waterfall as 
well as an inlet pipe connected to tubewell. There 
is no outlet. Dewatering, whenever considered 
necessary, is done by pumps. In order to eradicate 
the predatory animals, the pond was dewatered and 
Fig. 1: Layout plan of duck—cum—fish Farm, 
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left in this condition for fifteen days. 
Afterwards, underground water was pumped from a 
well to a desired level. Na 
liming and manuring were done. Artificial feeds 
were not supplied to fish. Ducks were, hov-jever, 
given grains during their overland sojourns. 
Fishes were sampled on monthly basis 
using cast net for various observations. Total 
length was measured from tip of snout to the 
longest caudal fin ray. Weight was recorded an an 
electric balance Stanton (England) model F 5P. 
Food selectivity of silver carp and 
Katla was studied. The fishes were netted out at 
a fixed time (8—*? AM) so as to minimise the 
possible effects of diet on feeding and 
differential digestion of food items. Moreover, 
during this period the guts were found to be full, 
containing planktonic food organisms in fresh and 
identifiable condition. The guts were preserved 
in lO/i formalin. 
Number method was applied for the 
anaylysis of gut contents. The same numerical 
procedure was used for the determination of 
percentage of each planktonic food item in the 
sample of environment collected by filtering a 
known volume of pond waiter through a plankton net. 
The index of selection (electivity 
index) was computed according to the equation 
proposed by Ivlev (1961): 
E = r i—pi/ri-+-p i 
where, E = electivity index 
ri = percentage of food organism in gut 
pi = percentage of same food organism 
in environmental sample. 
Values of electivity index could range 
from —1 (when a food item was completely avoided) 
to +1 (when a food item was highly selected). A 
value of zero implied that the food item was 
present in the gut in the same proportion as it was 
found in the environment (absence of selection of 
the food item). 
Gut length v-aas measured for determining 
gut lenght/body length ratio. 
PhysiCO—chemical analysis; 
Water temperataure was recorded uaing a 
mercury thermometer graduated upto lOO C. 
Dissolved OKygen was estimated by 
following Winkler's modified technique (APHA — 
AWWA - WPCF, 1980). The water sample was 
collected in stoppered bottle of known size (200 
m l ) . One ml of manganous sulphate and alkaline 
potassium iodide solutions each and 2 ml of 
concentrated sulfuric acid were added to water 
sample and mixed. End point was noted by 
titrating lOO ml of this solution with sodium 
thiosulphate using a few drops of starch as 
indicator. 
Calculation: 
Dissolved oxygen, ppm = 
(ml X N> of sodiumthiosulphate x S x 1OOO 
V2 <Vi - V ) / Vi 
Where, 
yi = Volume of water sample in the bottle 
(ml) 
VS = volume of contents fitrated (ml) 
V = Volume of MnSQ4 <lml) and KI 
(1ml). 
c 1-^  
Fres carbondiaKide of the vjater was 
estimated by taking lOO ml of sample in a conical 
flask and using phenolphthalein as indicator. 
Titration was done with 0.05 N NaOH. 
Calculation : 
(ml K N) of NaOHK1000x44 
Free carbandioxide^ppm = 
ml sample 
Total alkalinity (carbonate and 
bicarbonate) was assessed by titrating iOO ml *-jater 
sample in a conical flask containing O.. i rJHCi 
solution. Phenolphthalein and methyl orange xr^srs 
the indicators. 
Calculation : 
Phenolphthalein Alkalinity (as CaC03),ppm — 
(A X N> of HCl K lOOO ;< 50 
m1 samp ie 
Total Alkalinity (as CaCQ3>, ppm = 
ZJU (B X N) of HCL X iOOO 
m i samp 1e 
where, A = ml of HCl used with phenolphthalein 
and methyle oranoe. 
^ 
C o n c e n t r a t i o n s o f c a r b o n a t e , 
b i c a r b o n a t e a n d h y d r o x y 1 i o n s w e r e w o r k e d o u t w i t h 
t h e h e l p o f f o l l o w i n g t a b l e : 
F^lesult o f 
t i t r a t i on 
PC f~-i • - • '-•.;• 
PA < l / 2 TA 
F'A > l / 2 TA 
OH a l k a l i n i t y C03 a l k a l i n i t y HCQ3 •; 
a s CaCO-:r 1 aiE CaCQ-!- I a s Cai 
Zf-i-\ 
^PA 
..;;!-'M- t rt 
H 
Total solids were determined by weighing the 
residue left after evaporation of unf11 tared 
sample. 
Calculation : 
Total solids, ppn> = 
a—b X lOOO X lOOO 
V 
Where, a = Weight of the dish + residue <g) 
b = weight of the dish (g) 
V = volume of sample evaporated (ml) 
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For total dissolved solids the same 
method and formula were applied but filtered 
sample was used instead of unfiltered one. 
Total suspended matter was estimated as 
the difference between total solids and total 
dissolved solids. 
Calculation : 
Total suspended substance,(ppm> = TS — TDS. 
Plankton abundance : 
Measured volume of the pond water was 
filtered through a plankton net. To a part of 
plankton concentrate was added 1 ml L.UQO1 S 
solution (Edmondson, 195*?) for preservation and 
staining of phytop lankton, Lacky's drop method was 
adopted for enumeration : 
Number of organisms/drop = 
Area of cover glass 
X Average count per field 
Area of one field 
RESULTS AND DISCUSSION 
Food and Feed!no; 
The percentage of planktonic foad 
organisms observed in the gut of Hypophthalfnichthys 
mo1i tr iX and Cat la cat la and percentage of the 
same items in the environment together with their 
electivity indices have been presented in Table — 1 . 
Silver carp was found to be omnivorous, feeding 
predominantly on phytop lankton in the surface 
waters. Cat la cat la shared the same zone but 
appeared to subsist mainly on zooplanktcn. In 
silver carp positive selection was observed for 
blue green algae (Anabaena Microcystis). green alga 
( Zycinema) , diatoms <Navicula. Melosi ra) . rotifer 
(Ep iphanes) and crustaceans (Bosmina^i Pi apt emus? . 
Fhormidium., Spj^rogyra, Per id in ium and naup 1 i i 
larvae were completely avoided <E=—1> .Cat la catla 
exhibited distinct preference for Daphn i-a, naup 1 i i 
larvae, Diaptomus, Cyclops (crustaceans), 
h:!eretel la (rotifer), Protococcus, Tetraspora (green 
algae), Sp irulina (blue green alga). The organisms 
rejected V'^ jere Fhormidium. Aphan 1 z omen on, 
Microcystis (blue green algae). Fediastrum, 
Cruciqenia, SpiroQvra (green algae) , 4^i tzschia, 
Cymbella (diatoms) , Closterium (desmid) , Perid inium 
(protozoans) and Epiphanes (rotifer). 
TABLE - 1 
Percentage of platnk tonic food items in the 
contents (r-i), environment (pi) and 
Electivity Inda; 
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Food items which were common in the Qut 
contents of both fishes were Ana.baena, Nostoc, 
Sp irulina (blue green algae), kxrchnerella, 
Ank istrodesmus, Protococcus, Tetraspora (green 
algae), Navicula, Syned ra, Diatoma. Campy lod iscus., 
Melosira (diatoms), Gonatozygon, Met ri urn (desmiijs), 
volvox, Euglena (protozoans) rotifers except 
Ep iphanes and crustaceans except nauplii larvae. 
However, the electivity indices for these 
organisms were widely different varying both in 
the negative and positive range implying degrees 
of preference or avoidance. 
Feeding strategy of filter feeders 
(planktivores in the present case) is based on the 
structure and functioning of their branchial 
filtering apparatus (gill rakers). The presence of 
mucous which helps in consolidation and 
transportation of food items could also improve the 
retention efficiency of the filter. Besides. the 
characteristics such as shape and size of suspended 
particles, water flow (velocity and direction) and 
alteration capabilities of the mesh size of gill 
rakers also play important role in food retention. 
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Outright rejection of food items (E=-
1> might be due to their size which may be beyond 
fish's capacity to deal with. Gill racker spacing 
in silver carp is known to range from 20 to 25 um 
and the fish selects items exceeding 20 uim 
(Boruckiji, l'?73) . The avoidance may also be 
linked to distastefulness of food, especially when 
fish probes the aggregation of food items. If the 
fish decides to eject an injested food, the act is 
facilitated by mucous output. The findings a-f 
Omarova and Lazareva (1974) regarding secretion of 
mucous of different quality and quantity under 
varied food conditions lends support to this view. 
Absence of selectivity (E=0> or very low preference 
<E less than 0.3) for certain items could owe to 
lack of specialisation of fish's sense organs to 
seek out those organism from the environment or of 
the digestive equipment to deal with them. Cae 
(1948) reported food items enclosed in intact 
cellulose wall to be indigestible. 
According to Ivelev (1961) and Cant in 
et al. (1974) the negative selectivity for some 
food organisms and positive for others is 
governed by intrinsic factor(s). 
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Differences in the feeding habits of 
silver aaLt-p and Katla account for the structural 
differences in their guts. The former species .has 
a longer intestine compared to the latter. The 
gut length/ body length ratio was 5.15 in silver 
carp and 3.35 in Katla. Silver carp's 
predilection for herbivory and the consumption of 
large quantities of phytoplankton at^e obviously the 
reasons for its large intestine. An extensive gut 
keeps the food for longer periods and offers more 
absorptive surface Bif^isaL. 
In case of silver carp the foraging on 
blue green algae is so high that the population of 
these items in the habitat declines following the 
introduction of the fish (Chiang, 1971). Lin 
(1969) and Spataru (1977) pointed out the 
importance of green algae in the diet of silver 
carp. Gryierek (1973) and Opuszynski (1979) 
concluded that the silver carp also influences the 
biomass of zooplankton. This fact was further 
supported by Milstein et al, (1985) who concluded 
that the effect of silver carp on zooplankton 
community is a compound one. Bitterlich (1985) 
did not notice any strong trophic disposition of 
the carp towards herb ivory. Inconsistency in t.he 
C 22 3 
data seen53 to be due to differences chiefly in the 
age and si:;e of the fish, ecological conditions and 
plankton density. 
Jafri and Mustafa (1977) studied the 
selective feeding of young Cat la cat la and pointed 
out that the fish mainly depends on zooplankton 
and that stenophagism occurs for certain 
phytop lanktonic organisms-
It is evident from the present study 
that the silver carp and Katla both being surface 
feeder and planktivorous, may compete for a 
limited variety of food items. 
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Productions 
In composite pond culture of silver 
carp, Katla and Rohu the production efficiency of 
the first exceeded that of the other two. Their 
body weights at the time of stocking and the gains 
in the weight after a specified culture period 
B-re indicated in Table 2. Analysis of growth 
profiles of the carps pointed to the noticeable 
effect of temperature. Sukumaran et al. (1968) 
observed that at low temperature the growth of 
silver carp proceeds at a slower pace but with rise 
in temperature it is stimulated and even surpasses 
that of the Katla. These results substantiate the 
present findings. Total yield of fish from the 
pond was of the order of 3918 kg/ha/yr without the 
use of supplementary feeds or fertilizers. 
Presumably, the integration of the ducks v->ith the 
fishculture pond resulted in sufficient manuring 
and rise in plankton production. Sharma et al. 
(1979) reported a fish production of about 4323 
kg/ha/yr in f ish—cum—duck culture is'ithout the 
supply of feeds and fertilisers. With further 
modifications in culture combinations and 
conditions of pond management, still higher yields 
and cost efficiency can be optimized-
Rohu 
Katla 
TABLE - 2 
PRODUCT I Qh4 OF THE CARPS {MAY - SEPTEMBER'90> 
•I-
at 1 n a i v :i • 
dual fish 
indiv j t „ Q a :i. n 
Silver 
carp 
d-i 98.69 
Total .444 
C 25 1 
Pond EnV i ronmen t; 
During the period of caprs' cultivation 
in the pond physico-chemical conditions of the 
water and plankton density were monitored. The 
same Sif^e presented in Figs. 2—6. 
The maximum and minimum water 
o c 
temperatures were 32 C and 28 C, respectively. 
Temperature plays a pivotal role in behaviour and 
metabolism of aquatic organism. Thermal relation 
with physical and biological factors are obvious 
from the present observations. 
Dissolved oxygen content of the water 
ranged 7—11.4 ppm. Direct absorption of oxygen from 
the atmosphere and release of the gas in 
photosynthesis contributes to dissolved o;<ygen 
level in the water. Diffusion from air through 
surface into underlying water is a slow and lass 
effective process. Activity of the chlorophyll-
bearing plants emerges as the main source. No 
doubt the oxygen holding capacity of water varies 
with temperature but under moderate thermal 
conditions the oxidising effect on oxygen regime is 
exerted by photosynthesis, especially in eutrophic 
C 26 3 
ecQssstems. Dus to this factor the dissolved oxygen 
turnovef in the pond may "fail to establish a clear 
relation with temperature. 
Free corbondioxide was almost nil 
through out the cultivation period. The reason 
may be high rate of photosynthesis with consequent 
input of available amounts of carbond io;i ide. In 
aquatic ecosystem the carbond iox ide is found in ti-jo 
forms (free and combined). Free carbondioxide 
occurs in large quantities in polluted waters due 
to decomposition of substantial amount of organic 
matter. 
Hydroxide alkalinity was nil throughout 
the experimental period, A mixture of bicarbonate 
and carbonate alkalinity constituting total 
alkalinity varied from 200 ppm to 340 ppm. 
Alkalinity is an important factor in pond 
productivity. Schaperclaus (1933) elaborated the 
total alkalinity as a measure of productivity. A 
highly productive water has 200 — 500 ppm 
equivalent CaCO-r as a total alkalinitv (CQ^ 
alkalinity as CaC03 and HCQ3 alkalinity as CaCQ3). 
Carbonate was highest during the month of June when 
the rate of photosynthesis was more pronounced. 
It is an undeniable fact that during 
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photosynthesis bicarbonates are broken down and 
carbonates 3.re released. 
Maximum load of suspended solids (26300 
ppm) was recorded in the month of May. Total 
dissolved solids fluctuated marginally during the 
cultivation period; the difference between maximum 
and minimum was about 200 ppm. Thus the 
fluctuation in total solids was due to the 
variations in suspended substances. 
Water is an effective neutral solvent. 
In all aquatic environments certain types of 
substances always remain dissolved in the medium. 
The composition of dissolved substances in the 
water plays Bin important role in metabolism of 
aquatic fauna and flora. It has been used as an 
index of productivity (Northcote 3ind Lakrin, 1956). 
The action of dissolved substances on biological 
activities of ponds and lakes has been discussed in 
detail by Ruttner (i9£>3) and Hutchinson (1975). 
Maximum density of phytop lankton of 
about 1198 /ml was encountered in the month of 
June and minimum in August. Phytoplankton 
abundance was positively related to dissolved 
4? 
c 2e 3 
axycjen content of water. Also discernible 3ire its 
rela.t ionships with total alkalinity and suspended 
substances. 
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